In 77.2% of the patients, we successfully introduced a catheter at the first attempt. The rate of successful catheter placement was highest in the RIJV (RIJV 89.7%, LIJV 79.4%, RSCV 66.2% and LSCV 55.9%). With regard to complications, the rate of arterial puncture, guide wire advancement failure and malpositioning of the catheter were all significantly more frequent during SCV catheterization (SCV versus IJV: 10.1% versus 2.1%, 12.4% versus 0% and 13.4% versus 0.6%, respectively). Our results imply that IJV, especially RIJV, should be the first choice for central venous catheterization in infants.
Introduction
Central venous catheterization is frequently performed, even in children. As in adult patients, the subclavian and internal jugular veins are the most commonly used routes. 1, 2 When selecting the site for central venous catheterization, many factors need to be considered. In terms of patient comfort 3 or risk of infection during longterm use, 4 the subclavian vein (SCV) is preferred by many physicians. In contrast, the internal jugular vein (IJV) is preferred by others because it has a short, straight course to the superior vena cava 5 -7 and fatal complications such as pneumothorax or haemothorax are rare. 4,5,7 -9 As regards the side, the right side is preferred because of the presence of the thoracic duct and the more cephalad position of the pleural dome on the left.
The criteria for choosing the site for central venous access in infants are different from adults or children for many reasons. First, central venous cannulation in infants is technically more demanding, 2,10,11 so success rate is the most important factor. Secondly, there is a higher rate of complications 8, 10, 12 which are usually more serious. 13, 14 Thirdly, infants have different anatomical features. Adult configuration prevails after one year of age; 15 this has been confirmed by us previously. 16 In infants, the anatomical feature of the SCV 6 frequently allows the catheter inserted through it to be placed in an aberrant position. 3, 10, 17, 18 As yet, there are no evidence-based guidelines for choosing the site of central venous catheterization in infants. We therefore planned a prospective randomized study to compare the rates of success and complications during central venous catheterization via the SCV and IJV on both right and left sides in infants.
Patients and methods

PATIENTS
After obtaining hospital review board approval and informed parental consent, patients under 12 months of age, who were scheduled for elective surgery for congenital heart disease, were enrolled in the study. Patients with left-sided superior vena cava or any extra-cardiac vascular anomaly were not included. Patients were assigned to one of four groups using a computergenerated random table: right 
CATHETERIZATION PROCEDURE
After inducing general anaesthesia, central venous catheterization (Seldinger technique) was performed. In all cases a staff anaesthesiologist with more than 1 year's experience in paediatric anaesthesia did the cannulation. The anaesthesiologist in charge determined the size or type of needle and catheter. Patients were positioned in a slight head-down position with a rolled towel placed transversely under the shoulders. With the patient's head maintained in the neutral position, a needle attached to a syringe was advanced using a standardized technique.
The infra-clavicular approach was used for SCV cannulation. After confirming needle tip placement by aspiration of blood into the syringe, the patient's head was flexed laterally towards the cannulation side as described in our previous report. 16 For IJV cannulation, a modification of the central approach described by Prince et al. 19 was adopted. In brief, after identifying the imaginary triangle formed by the three anatomical landmarks (both heads of the sternocleidomastoid muscle and the clavicle) the needle was inserted at the apex of the triangle at 30 -45º to the skin and directed caudally and laterally toward the ipsilateral nipple. To avoid arterial puncture, the carotid pulsation was palpated before and during the percutaneous needle advancement.
STUDY PARAMETERS
The first catheterization attempt was made in the vein determined by the randomization process. One attempt was defined as up to three percutaneous needle advancements at one site. No more than three percutaneous punctures were tried at a single site. Successful introduction was defined by confirmation of free blood aspiration through the inserted catheter during one of the three permitted attempts at any one site. If attempts at the selected vein failed, another attempt was made in another randomly selected vein using the computer generated number table. If all four attempts failed, another site or technique was chosen at the operator's discretion. After surgery, the position of the catheter was confirmed by radiological examination. A central venous catheter inside the superior vena cava was considered a successful placement.
Details of any complications experienced during the catheter insertion were recorded. 
STATISTICAL ANALYSIS
We compared the success and complication rates between the groups. For discrete variables, Fisher's exact test or continuityadjusted χ 2 test was used to assess the differences between groups. For continuous variables, the one-way analysis of variance was done, followed by Tukey's test if necessary. All analyses were done using SAS statistical software (version 8.20; SAS Institute Inc., Cary, North Carolina, USA).
Significance was defined as P < 0.05.
Results
A total of 272 patients participated in the study. The four groups had similar clinical characteristics ( Table 1 ). To introduce one central venous catheter in each patient, 676 percutaneous needle advancements were tried in 370 veins (RSCV = 92, RIJV = 100, LSCV = 86, LIJV = 92; not significant). In 77.2% of the patients, the central venous catheter was introduced at the first attempt.
In six patients, all four attempts were unsuccessful. In three of these, the catheters were inserted through the RSCV via the supra-clavicular approach, and in the rest they were placed through the right external jugular vein. The results of the first attempt are shown in Table 2 . G-RIJV had the highest rate of successful introduction and successful placement. G-LIJV and G-RSCV had the same rate of introduction, but radiological examination revealed a significantly higher successful placement rate in G-LIJV (P = 0.0173).
The complications encountered during cannulation are shown in Table 3 . SCV had a higher number of arterial punctures compared with IJV (P = 0.0015), but for both veins there was no difference between the left and right sides (LSCV versus RSCV and LIJV versus RIJV). Failure to insert the guide wire, despite confirming adequate blood aspiration, only occurred during SCV cannulation; the difference between the right and left sides was not significant. In one patient free air was aspirated into the SH Han, SD Kim, CS Kim et al.
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syringe during percutaneous needle advancement in the RSCV. Figure 1 shows the results of the postoperative radiological examination. Most central venous catheters were inserted through the RIJV and the least number through the LSCV. All catheters inserted through the RIJV were placed in the superior vena cava, while one through the LIJV was placed in the innominate vein. In contrast, 13.4% of the SCV catheters were located in an aberrant position. Nine out of these 15 malpositioned SCV catheters were placed in the IJV (six in the RIJV versus three in the LIJV; not significant). 
Discussion
The highest rate of successful placement was through the RIJV, followed by the LIJV. With regard to complications, arterial puncture or malposition was more frequent during SCV compared with IJV cannulation. The SCV, which has often been chosen as the preferred site by many physicians, 10,14,20,21 did not show any advantage over the IJV in this study.
The anatomical features of these veins can explain our results. The IJV occupies a consistent, predictable anatomical location just below the sternocleidomastoid muscle, 5 -7 SH Han, SD Kim, CS Kim et al.
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sometimes palpable even in infants, 5 and therefore readily punctured. In addition, a catheter inserted through the IJV will rarely position anywhere other than the superior vena cava, 5, 8, 11, 19 because both right and left IJV course straight to the superior vena cava. 5, 6 In contrast, the SCV, which nestles behind the deep surface of the clavicle, is not readily punctured. The SCVs form an acute angle with the respective innominate veins, and in infants, both innominate veins meet each other at an acute angle. 6 A catheter inserted through the SCV is, therefore, frequently positioned in an aberrant location, especially in the ipsilateral IJV. 3, 10, 17, 18 These anatomical characteristics of the central venous system in infants may also explain why we were often unable to advance the guide wire during SCV cannulation.
A malpositioned central venous catheter may lead to incorrect measurement of central venous pressure and also cause more serious complications such as thrombosis and thrombophlebitis, 18, 22 specifically cerebral venous thrombosis, 23, 24 when located in the IJV. In this regard, our results suggest that the SCV may not be a safe choice for catheterization in infants.
The rates of arterial puncture in this study are comparable with those in previous reports (8% 10 and 11% 8 ). The anaesthesiologists' experience may explain our lower carotid arterial puncture rate since the operator's skill determines successful central venous catheterization. 5, 25 The paediatric anaesthesiologists who participated in our study were all experienced, while inexperienced physicians participated in previous studies. 8, 10 The technique used is also known to influence successful IJV catheterization. 26 During IJV catheterization we always confirmed carotid artery pulsation, and the patient's head was maintained in a neutral position to minimize overlap of the IJV and carotid artery. 27 This manoeuvre resulted in a lower rate of inadvertent carotid artery puncture in the present study.
The frequency of pneumothorax or haemothorax was not considered in our study because we included patients undergoing cardiac surgery. In such patients it is impossible to tell if these complications are related to central venous catheterization or the surgery. It is evident that these complications may be fatal when they occur in infants, 13, 14 and the risk is higher during SCV catheterization compared with IJV 4, 5, 8, 9, 10, 21, 25 -being scarcely reported in the case of IJV. 28 To conclude, the IJV, specifically the RIJV, should be the site of choice for central venous catheterization in infants. The SCV route should be reserved as the second choice.
